tion of BPD patients increased with the higher Ki-67 LI category: 24, 67, and 87%, respectively. The Ki-67 LI had a significant inverse correlation with the Tg-DT (Spearman's ρ = − 0.5267, p < 0.0001). Of the 378 patients without distant metastasis at surgery, 68 patients had recurrence, and 6 of the 390 patients died of PTC during the follow-up (mean 88 months). On multivariate analyses, the Ki-67 LI remained an independent predictor of disease-free survival and diseasespecific survival when Tg-DT and Tg status were excluded from the analyses. Conclusions: Evaluation of the Ki-67 LI in primary tumors may allow the prediction of the postoperative Tg status, Tg-DT and prognosis of patients with PTC.
Ki-67 Labeling Index Is a Predictor of

Introduction
Thyroid cancer is the most common malignancy in the endocrine organs. Papillary thyroid carcinoma is the representative pathological type, constituting about 90% of thyroid cancers. Papillary carcinoma generally shows an indolent nature despite frequent metastasis to regional lymph nodes, which is typically seen in young adults.
However, some patients with this cancer, typically elderly patients, have poor clinical courses. Male gender, age, tumor size, extrathyroid extension, node metastasis, and distant metastases are well-established prognostic factors in papillary carcinoma that can be evaluated preoperatively [1] [2] [3] . Postoperatively, pathological findings such as pathological extrathyroid extension, node metastasis, and histological variants add further information for evaluations of the risks of cancer recurrence and death related to the cancer [4, 5] . We previously reported that thyroglobulin (Tg)-doubling time (DT) was a very potent prognostic indicator in patients with papillary carcinoma and undetectable Tg antibody (TgAb) who underwent total thyroidectomy, when Tg-DT was calculated using serum Tg values measured under thyrotropin (TSH)-suppressed conditions [6] .
Ki-67 is a cell proliferation-associated antigen that is expressed in all stages of the cell proliferative cycle except the G0 phase [7] . The expression of Ki-67 is generally evaluated immunohistochemically as a labeling index (LI) in tissue specimens. A high Ki-67 LI was associated with poor prognosis in patients with breast cancer and prostate cancer [8, 9] . We conducted studies for this issue on 371 patients with papillary carcinoma, and previously reported that the Ki-67 LI was an independent prognostic factor for disease-free survival, and that patients with high Ki-67 LI values had a significantly worse disease-specific survival than patients with low Ki-67 LI values [10] . We hypothesized that the Ki-67 LI might have a strong correlation with Tg-DT, since both factors are related to tumor growth. In the present study, therefore, we investigated the Ki-67 LI in patients with papillary carcinoma in whom the Tg-DT was c alculated. We also reevaluated the prognostic significance of Ki-67 LI in a different cohort of patients with the cancer.
Patients and Methods
Patients
Patients for the immunohistochemical study of the Ki-67 LI were selected from 426 patients with papillary carcinoma who underwent total thyroidectomy at Kuma Hospital between January 1998 and December 2004 and for whom the Tg-DT was calculated. None of these patients had other thyroid malignancies, and all of them had a negative TgAb test result. 36 of the patients had calcification in their primary thyroid tumors requiring decalcification for the preparation of paraffin-embedded blocks, and they were excluded from the study, leaving 390 patients for the present investigation. All of them had papillary carcinoma by WHO criteria, while 52 of them showed aggressive features including tall cell variant, columnar cell variant, diffuse sclerosing variant, and presence of focal poorly differentiated features.
There were 322 females and 68 males from 14 to 81 years of age (mean 50.8, median 52). Distant metastases were detected in 12 patients at the time of surgery who were classified as M1 in the UICC TNM classification system [11] . Radioiodine had been administered to 153 patients, including patients with distant metastases as a treatment or to ablate possible thyroid remnants. Metastatic foci were detected with radioiodine scintigraphy in 17 patients, and radioiodine treatments were repeated in these patients.
The patients had 4 or more serum Tg measurements with serum TSH suppressed to <0.1 mIU/l. Tg-DT was calculated in those patients who had 4 or more detectable Tg measurements. These patients were regarded as having 'biochemically persistent disease'. In the present paper, this category included the 17 patients with distant metastases on radioiodine scintigraphy, however the other patients in this category had no structural diseases postoperatively. The patients who had 4 or more undetectable Tg measurements only were regarded as being in 'biochemical remission'. In the patients who had 1-3 detectable Tg values and undetectable Tg measurements, Tg-DT was not calculated. These patients were regarded as having an 'equivocal status'. None of the patients in the latter two categories had structural diseases on physical examination or imaging studies postoperatively.
The patients were followed for a median of 88 months. In this series, when carcinoma recurrence was detected on imaging studies other than radioiodine scintigraphy, the patient was regarded as having a recurrence. During the study period, 56 patients developed locoregional recurrences, 26 patients developed distant metastases, 13 of these patients had both locoregional recurrence and distant metastases, and 6 patients died of the disease. Details of the measurements of TSH, Tg, and TgAb and Tg-DT calculation are described elsewhere [6] .
Ki-67 Immunohistochemistry and Labeling Index
We performed immunostaining using 4-μm-thick sections of formalin-fixed and paraffin-embedded tissue of the primary thyroid tumors. Anti-Ki-67 antibody (clone MIB1, 1: 200 dilution; Dako, Carpinteria, Calif., USA) was used as a primary antibody. The staining was carried out using the Dako Cytomation Autostainer Universal Staining System (Dako) and the Envision kit (Dako) according to the manufacturer's recommendation. A pathologist (M.H.) evaluated the specimens without information of the clinical outcome of the patients. To estimate the Ki-67 LI, he observed the hot area under ×400 magnification, and calculated the percentage of cancer cell nuclei stained positively. Staining results were classified into three classes: ≤ 5%, >5%-10%, and >10% of the carcinoma cells were positive.
Statistical Analyses
The significance of differences in the variables among groups was calculated using the χ 2 test. The Kaplan-Meier method and log-rank tests were used to compare survival between groups. The Cox proportional hazard regression model with stepwise variable selection techniques was adopted for the multivariate analysis. Spearman's rank correlation coefficient was used to evaluate correlations between two ordinal numeral variables. All statistical tests were two-sided, with the level of significance established at p < 0.05. Statistical analyses were performed using StatFlex V6.0. 
Ki-67 LI and Its Relationship with Clinicopathological Features
We investigated the Ki-67 LI in the primary thyroid tumors of the 390 patients with papillary carcinoma. The patients were categorized into three groups according to the results as described above: Ki-LI ≤ 5%: 312 patients (80%); Ki-LI >5%-10%: 48 patients (12%), and Ki-LI >10%: 30 patients (8%). We then compared the Ki-67 LI and clinicopathological features of the patients ( table 1 ) . We found that the Ki-67 LI was associated with patient's age, tumor size, extrathyroid extension, pathological lateral node metastasis (pN1b) and histological aggressive type of papillary carcinoma.
Relationship between the Ki-67 LI and Postoperative Serum Tg Status
We analyzed the relationship between the Ki-67 LI and postoperative serum Tg status ( fig. 1 ). The postoperative serum Tg status was categorized into three classes as described above: biochemically persistent disease, equivocal status, and biochemical remission. The Ki-67 LI was significantly associated with postoperative serum Tg status (p < 0.0001). The proportion of patients with biochemically persistent disease increased with higher Ki-67 LI category: 24, 67, and 87%, respectively for the three Ki-67 LI categories. Conversely, the proportion of patients with biochemical remission had the opposite relation to the Ki-67 LI categories, being 53, 21, and 7%, respectively.
Relationship between the Ki-67 LI and the Tg-DT
Since both the Ki-67 LI and the Tg-DT are related to tumor growth, we investigated the relationship between these factors in patients with biochemically persistent disease. Since all patients who died of the disease in the present cohort had Tg-DT <2 years, and since Tg-DT of 6 years divided patients with Tg-DT longer than 2 years into two patient groups of similar numbers, in the present study, the patients were grouped according to Tg-DT using these cut-off points. Tg-DT was of negative value in patients had decease in Tg values over time. The Ki-67 LI values were significantly associated with the Tg-DT (p < 0.0001) ( fig. 2 ). Only 7% of our Ki-67 LI ≤ 5% patients had Tg-DT <2 years, whereas 31% of the Ki-67 LI 5-10% patients and 65% of the Ki-67 LI >10% patients had Tg-DT <2 years. Patients who had Tg-DT of negative values had excellent outcomes, although they were regarded as having biochemically persistent disease [6, 12] . In the present study, the proportions of patients with a negative Tg-DT value were the opposite of Tg-DT <2 years, being 70, 28, and 19%, respectively. When the correlation of these ordinal numeral variables was analyzed using Spearman's rank correlation coefficient test, there was a significant inverse correlation between the Ki-67 LI and the Tg-DT (Spearman's ρ = − 0.5267, p < 0.0001).
Relationship between Age and the Ki-67 LI
The patient's age at surgery was significantly associated with the Ki-67 LI, and the Ki-67 LI was inversely correlated with the Tg-DT, as described above. When the patients were divided into three age groups ( ≤ 40, >40-60, and >60 years), the distribution of Tg-DT values varied with age in our recent study [13] . Thus, we looked at the relationship between these age groups and the Ki-67 LI ( table 2 ). We found that the Ki-67 LI was significantly associated with age at surgery (p = 0.0013). The proportion of patients with Ki-67 LI >10% increased with age, being 4, 6, and 13%, respectively. However, the proportion of patients with Ki-67 LI 5-10% showed a biphasic pattern: high (20%) in young patients, low (7%) in middle-aged patients, and high (16%) in elderly patients. The proportion of patients with Ki-67 LI ≤ 5% was highest in the middle-aged patients, being 77, 86, and 70%, respectively for the age groups. Thus, each age group had a different distribution pattern of Ki-67 LI, which was similar to our recent observations regarding Tg status and Tg-DT [13] .
Survival and the Ki-67 LI During the study period, 56 patients developed locoregional recurrences, 26 patients developed distant metastases, 13 of these patients had both locoregional recurrences and distant metastases, and 6 patients died of the disease. Higher Ki-67 LI values were significantly associated with both poorer disease-free survival (p < 0.0001) and disease-specific survival (p < 0.0001) ( fig. 3 , 4 ) . The rates of disease-free survival at 10 years were 86.4, 42.5, and 27.8% in the patients with Ki-67 LI ≤ 5, 5-10, and 10%, respectively (Ki-67 LI ≤ 5 vs. 5-10%, p < 0.0001; ≤ 5 vs. >10%, p < 0.0001; 5-10 vs. >10%, p = 0.0596).
The disease-specific survival rates at 10 years were 99.4, 93.3, and 83.3% for the Ki-67 LI groups, respectively. In the present study, only 6 patients (1 of the 312 patients with Ki-67 LI ≤ 5%, 1 of the 48 patients with Ki-67 LI 5-10%, and 4 of the 30 patients with Ki-67 LI >10%) died of the disease. However, the difference in survival between the Ki-67 LI ≤ 5% patients and the Ki-67 LI >10% patients reached significance on log-rank test (p < 0.0001).
Univariate and Multivariate Analyses of Factors Associated with Disease-Free Survival
We evaluated the prognostic significance of clinicopathological factors for disease-free survival in the 378 patients without distant metastases at the time of surgery. Age <40 years, age ≥ 60 years, tumor >4 cm, significant extrathyroid extension (Ex2), clinical lateral node metastasis (cN1b), aggressive histological type, Ki-67 LI >10%, Ki-LI 5-10%, biochemically persistent disease, and Tg-DT ≤ 2 years were all significantly associated with diseasefree survival ( table 3 ) . Since the latter two factors were strongly associated with the Ki-67 LI as described above, we performed a multivariate analysis using the Cox proportional hazard regression model with stepwise variable selection techniques excluding these two factors. In this analysis, Ki-67 LI >10%, Ki-LI 5-10%, age <40 years, age ≥ 60 years, and clinical lateral node metastasis (cN1b) remained significant independent factors. The hazard ratios for these factors were 15.33, 9.33, 5.23, 4.10, and 2.82, Relationship between the Tg-DT and the Ki-67 LI in patients with biochemically persistent disease. The Tg-DT was significantly associated with the Ki-67 LI (p < 0.0001). There was a significant inverse correlation between these factors on Spearman's rank correlation coefficient test (Spearman's ρ = − 0.5267, p < 0.0001). respectively. Thus, high Ki-67 LI categories, young and old age at surgery, and cN1b were independent factors for tumor recurrence.
Univariate and Multivariate Analyses of Factors Associated with Disease-Specific Survival
We evaluated the prognostic significance of clinicopathological factors for disease-specific survival in the 390 patients with papillary carcinoma. The univariate analysis revealed that male gender, age ≥ 60 years, Ex2, cN1b, aggressive type, and Ki-67 LI >10% were significant factors for disease-specific survival, and tumor >4 cm and distant metastases (M1) were marginally significant ( table 4 ). All 6 patients who died of papillary carcinoma had biochemically persistent disease and Tg-DT ≤ 2 years. Thus, these factors were excluded from the multivariate analysis, which revealed that Ki-67 LI >10%, age >60 years, and Ex2 were independent factors for disease-specific survival. The hazard ratios for these factors were 34.08, 20.78, and 13.98, respectively. The presence of distant metastases at the time of surgery did not remain significant. This may be partially due to the small number of patients (6) who died of the cancer in the present study. 
Discussion
Assessments of prognosis are very important in the management of patients with cancer. Many risk assessment systems for thyroid cancer have been established, including the UICC TNM classification system, AMES, AGES, MACIS, and EORTC [11, [14] [15] [16] [17] . The patient's age at the diagnosis, gender, tumor size, extrathyroid extension, lymph node and distant metastases, and pathological differentiation of cancer are well-established prognostic factors in thyroid cancer. The most commonly used system might be the TNM classification, which uses age, tumor size, extrathyroid extension, node and distant metastases for risk assessment. The TNM stage can be evaluated preoperatively, helping the planning of treatment for patients. Pathological findings give additional information for evaluating the pathological TNM stage. The growth activity of tumors is also a very important biological factor. However, none of the above systems use factors directly related to tumor growth activity for risk assessment.
We reported that the Tg-DT was a very potent prognostic indicator in patients with papillary carcinoma and undetectable TgAb who underwent total thyroidectomy [6] . When the Tg-DT was added to the classical prognostic factors mentioned above for multivariate analyses of disease-free survival and disease-specific survival, only Tg-DT remained an independent prognostic factor. Serum tumor marker DT is thought to indicate the growth rate of the tumor [18] .
Another popular method for evaluating tumor growth activity is the immunohistochemical estimation of the Ki-67 LI on tumor tissue. Ki-67 is a cell proliferation-associated antigen that is expressed in all stages of the cell proliferative cycle except the G0 phase [7] . A high Ki-67 LI was associated with poor prognosis in patients with breast cancer and those with prostate cancer [8, 9] . In our previous study of 371 patients with papillary carcinoma, we found that the Ki-67 LI was an independent prognostic factor for disease-free survival, and that patients with high Ki-67 LI values had significantly worse disease-specific survival than patients with low Ki-67 LI values [10] . Our recent studies clearly indicate the importance of tumor growth activity in assessing the prognosis of patients with cancer.
In the present study, we found that the Ki-67 LI had a significant inverse correlation with the Tg-DT in patients with biochemically persistent disease postoperatively. This status suggests that the patients have hidden metastases. An inverse correlation means that a higher Ki-67 LI is associated with a shorter Tg-DT, which indicates rapid growth of the tumor. This finding was an expected result, since high Ki-67 LI values indicate high proliferation activity of the tumor. Very interestingly, the Ki-67 LI was also significantly associated with the postoperative serum Tg status, which was categorized into three classes: biochemically persistent disease, equivocal status, and biochemical remission. The proportion of patients with biochemically persistent disease increased with higher Ki-67 LI values: 24, 67, and 87%, respectively. Conversely, the proportion of patients with biochemical remission decreased with higher Ki-67 LI values, being 53, 21, and 7%, respectively. These data indicate that the Ki-67 LI was also inversely associated with the surgical cure rate when it was evaluated as the postoperative serum Tg status. Thus, the Ki-67 LI seems to be associated with metastasizing activity as well as tumor growth activity.
To the best of our knowledge, the only previous report on the prognostic significance of the Ki-67 LI in a large series of patients with papillary carcinoma is ours [10] . That study was done on 371 patients with papillary carcinoma who underwent surgery in 1996 and 1997. The immunohistochemical technique used for the study was the immunoperoxidase ABC method performed manually, as opposed to the method used in the present study, which has a much higher sensitivity. In the previous study, the cut-off points for categorizing the Ki-67 LI were 1 and 3%, whereas 5 and 10% were adopted in the present study. The 390 patients in the present study were completely different from the previous series, but low, medium, and high Ki-67 LI categories included similar proportions of patients: 57, 33, and 9%, respectively in the previous study and 80, 12, and 8%, respectively in the present study. Both studies gave similar results: the Ki-67 LI was significantly associated with disease-free survival and disease-specific survival, and the Ki-67 LI was the most potent indicator of disease-free survival and disease-specific survival on multivariate analyses when the postoperative serum Tg status and Tg-DT were excluded from the analyses. Thus, these clinically important findings were confirmed in different cohort studies.
In the present multivariate logistic regression analysis, the patient's age at surgery was the second strongest indicator of disease-free survival and disease-specific survival. For disease-free survival, age <40 years and age ≥ 60 years were significant factors with hazard ratios of 5.23 and 4.10, respectively, whereas age ≥ 60 years was a much stronger factor for disease-specific survival with a hazard ratio of 20.78, and age <40 years was not associated with cancer death. None of the 82 patients <40 years old died of the cancer, although 5 patients had M1 status at surgery and 21 of the remaining 77 M0 patients had recurrence.
Poor disease-specific survival in elderly patients with papillary carcinoma was well documented [1] [2] [3] . Interestingly, a high recurrence rate with excellent survival was reported in young patients [19, 20] . The data of the present study are in accordance with these descriptions. However, there is no clear explanation for these confusing age-related phenomena. Regarding age-related tumor biology, we recently found that (i) the proportion of patients with a Tg-DT ≤ 2 years increased with age, (ii) the proportion of patients with biochemically persistent disease showed a biphasic pattern (high in patients <40 years, low in patients 40-60 years, and high in patients ≥ 60 years), and (iii) the proportion of patients with biochemical remission was highest in middle-aged patients [13] . These findings are in accord with the relationship between age and Ki-67 LI found in the present study: the proportion of patients with Ki-67 LI >10% increased with age; the proportion of patients with Ki-67 LI 5-10% showed a biphasic pattern (high in young patients, low in middle-aged patients, and high in elderly patients), and the proportion of patients with Ki-67 LI ≤ 5% was highest in the middle-aged patients. The confusing agerelated phenomena on recurrence and mortality in patients with papillary carcinoma may be explained with age-related variations in Tg-DT and postoperative serum Tg status, and these factors may be explained with age-related variations in Ki-67 LI. However, the causes of age-related variations in Ki-67 LI remain to be clarified.
Conclusion
The Ki-67 LI was significantly associated with the postoperative serum Tg status and Tg-DT, and it was a strong prognostic indicator in patients with papillary carcinoma. The age-related variations in the Ki-67 LI might elucidate age-related phenomena on recurrence and mortality in patients with papillary carcinoma.
